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a t ///o/o/o π′ = c
Ç©lmkoVueX0V³²ueXIbo7Ácflmiki¢4obcik¢cd_`q*X
(ax)
 (⊗/`) * 
Hº  fº:Â¡¿#º 
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/#Àt½Â*º Æºf½?¿ÂHÀ¯¼º ` , êÂ. $ À§¼Vº ⊗ , êÂ! (½ À§¼Vº #¾bÀ ¶Â. t d½ Â¯Àµ¿  fºÂ¡¿#º¿"½     ¾bÀ-À9ÂDÀ  
*º  #¾bÀ¶Â. ?¿ ºÀ  ºº:(À§¼VºCÀ  
 mºÀ fº¿  & ÁÂ O¼`À0  fºÂ¡¿#º¿S
 xÀ¯¼º ` , êÂ. ½  
 LÀ¯¼º
⊗ , êÂ.  -















f g h i
Ç©l¤@oVufX\7³²ufXNboÁcel¤i@ik¢©¥#obci¢©cd_/q*X
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 (1/⊥) * 
Hº  fº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? , êÂ. L¼V½?ÃNÂD b′1, . . . , b′k
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º#À  ¿S½ 
o
À§¼Vº
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 o d½ !
 o  ¿ 
#»+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I»`ºÁ¿+&  









 Â  b′j ∈ C
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xºÃ?º ½?¾k»@Â êÂµ½ L
Qê¾`¿ÁÂ
 d 
  o Â π $  º Q
  ¼½?Ã?º k ½?¾k»@Â êÂµ½ >
Qê¾ ,¿ÁÂ
¿
d1, . . . , dk

 $ fºÁ¿  ºÀ9Â¯ÃOº
 $ πo1 , . . . , πok &4ºÀ l ºÀ¯¼º ? , Q
!@º½O¿¿
&#Âµ½?À°º
 Â¯À§¼ d Â π *xÂ π′ À§¼`Â¡¿  Â  ºhÀ¯¼º ? ,  
 kº½O¿¿
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O#Âµ½?À°º   Â¯À¯¼·À¯¼º #¾bÀêÂ. t & º  L½Ý¿
 eºº(À 








&#Âµ½?À°º  Â¯À¯¼À§¼VºÂ 	Lº:eº:7À²À   ºÁ¿!
 #¾bÀ
êÂ. ½O¿À§¼VºueXIbocflmik(adceX#qa&
º  ÁÂ¯À°º π  π′ $  ¼º: π′ Â¡¿À§¼Vºfº¿¾ ¶À 
 
*ºfº?¾ #À-Â
B¿ÁÀ°º  &  fº¾ À9Â
¿ÁÀtº  Â¡¿G¿#½?Â xÀ 
 º½CTVXNkCufXNbocflmikadceX#q  ¼Vº4À¯¼º4eº ¾ º !#¾bÀ t ¼V½?¿kº  À§¼ 0 Â π *  º  ÁÂ¯Àtº π  h π′ $  ¼Vº π′ Â¡¿À¯¼º fº¿Á¾ êÀ 
 
Hº¼º½ fº?¾ #À-Â
¿ÁÀtº  &  fº?¾ #À-Â
¥¿ÁÀtº  π  t(π) Â¡¿ ¿½Â ÀM
 ºL½	a~cfu?cel¶±7XIueXIbo7ÁcflmikadceX#q  ¼Vº :
º#Ã?º: ¾bÀ , êÂ. tÂ 
ê¾ ?ÂH Q
 , eº ¾ Â
¤º>
HºÁ¿" t′ 
 π  ºC¼½?Ã?º @º  À¯¼ (t) ≤ kº  À§¼ (t′) *  º
 ÁÂ¯Àtº π  s π′  ¼Vº π′ Â¡¿\À§¼Vºfº¿Á¾ êÀ 

*º	¿ÁÀ e½?À9Â  º fº¾ À9Â










   ¿
(π1, . . . , πn)
$	¿+&mÀ"&
R = π  π1  . . .  πn = π
′
&   fº?¾ #À-Â
·¿º#¾º:Qº
RÂ¡¿½PTVXNkueXIVoÁcel¤i@ fº¿  &4½adceuecfl¤±XI(ueXIVoÁcel¤i@!  ¼Vº«ºÃ?º: !¿ÁÀtº  
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π
º\½  ¿$ t º\½L#¾bÀ , ¶Â. 
 π ½  t(π)eºÀ§¼Vº7
Hº¿ÁÀ°º  fº?¾ #À0
  π ½?¿¿:








½ t¾	Â#¾º º/º ←−
d
 fº¿  &  
 kº ←−l 7
  π $  º¿#½ !À§¼V½À ←−d eºÁ¿  & ←−l hÂ¡¿\À¯¼º	7XIa~cfi@u




 fºÁ¿  & ←−l Â t(π) &  xÀ¯¼bÂ¡¿xÂ¡¿Q
?À²À§¼Vº½?¿º $²À¯¼º: d  eºÁ¿  & l ¼V½O¿! 
¥½ º¿ÀM
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$1½   ºh¿½Â¯À1Â¡¿½(ueXIcfXIº &@º  fº¿  &0Q
!@º /& º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 kº¿"5
 t(π) ½fº fº¿Â ¾ºÁ¿ 
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 :eºe½Àtº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¿Â @º: c Â t(π) À¯¼ºeºÁ¿ÁÂ ?¾º>
  c Â π -
 (⊗/`) *LÀ§¼Vºfº½fºL 
 :fº½Àtº!º&@º¿$  ¼`Â ¤ºÀ§¼VºhÀ  
 *º  ¾bÀ , êÂ! O¿ ºÀ  ºº:BÀ§¼VºhÀ  
¤ºÀ  fº¿  &ÁÂ O¼`À0  fºÂ¡¿#º¿L
 \À§¼Vº ` , êÂ. !½ 7
 \À§¼Vº ⊗ , êÂ. ½eºLfº½?À°º  
 kº¿-
 (1/⊥) *À§¼Vºfº½fº 
 :eºe½Àtºº &@º¿$4 
:fº½Àtº Q
!@ºÁ¿Â t(π) -
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Rº&@º -hºÃ?º:  #¾bÀ êÂ. ºÀ  ºº: πoi  ¿ ¥½?Â 
 
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xºe½ e¼ ` , Q
!@º $²½  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CºÃ?º:  ? , Q
!@º l  Â¯À§¼ n ≥ 1  fºÂ¡¿#º¿$  ºf½O¿ÁÂD½ #¾bÀ 
*º  fºÂ¡¿º¿L
  l &  qufi`i¢¯rtVX#c+$VXc :
h¿f¼X
ÁÀ$Â¡¿¥½  ¿ π ¿+&mÀ"&º#ÃOº !¿  Â¯ÀMe¼bÂD 
 4ºÃ?º:  ½?À
 πÂ¡¿	½­½  T









ºh½ *º#À ½ 
t
eº½ fº¾ Â
¤º#¾bÀ , êÂ. 
  π $²À¯¼º: t(π) Â¡¿	½*º#À"&
	
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À°º ½ ¤º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¾bÃOº
 ¤º!¿  ,À°½#»`º & Â¯À¯¼ eºÁ¿  º#À	ÀM
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¼Vº½   
¥¿ÁÀ f½À-Â ºfº?¾ #À-Â
V¿ 
 ½  ¿ π ¤º½ ÂD­ÀM
R½ ¾bÀfºº  ¿
π0
½  ½O¿C¼V½ÃOºÀ§¼Vº	¿½4º ¤ºDkÀ¯¼ -¿#ºº 9
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 m½  /& H¼`Â¡¿  
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A ` B ¨«S1TVl¡almb¢§i@ufW¥?cel¤i@lmaVXNXIaeaeue_B¢§ikuikouqVoufq*i@afXIaI³¥W4ikueXqVueXIl¡afX#jm_­ÅX!X#XI«l¶ccfi­qVuei?kXz|XIW4W4Æ























` m+ 1 ` n+ 1 obc
` m+ n
` m+ 1 ` n+ 1
⊗
` m+ n+ 1









































8 f lmaW4ikueqVTVl¡afW ¢§ufi@W D⊥ cfi D 














8 g ◦ f = idD⊥

8 fD`D⊥ ◦ g ◦ fD⊗D = g ⊗ g

8 fD⊗D⊥ ◦ g ◦ fD`D = g ` g

8 f⊥⊥ ◦ g ◦ f1 = id1
8  f1⊥ ◦ g ◦ f⊥ = id⊥ ¨
S1TVXNa~X\W4ikueqVTVl¡a~W¥akufX\oafXIka¢§i@j¤jmi?Åa\³
8 Å X\oafX f ¢§iku1ceTVXlm@ceX#ueqVueXcecflmiki¢cfTVX	£`lmikW ufoVjmX 
8 Å X\oafX g ¢§iku1cfTXl¤/cfXIufqufX#ce?cel¤i@ik¢ceTVX	obcueoVjmX 








8  f?D lmaW4ikueqVTVl¡afW ¢§ufi@W ?D cfi D
afoT!ceT?c
8 f?D⊥ ◦ g ◦ f!D =!g
8  f!D⊥ ◦ g ◦ f?D =?g ¨
   2 
 '& 
 4 2
&'!4  +*&'.-/(021 & 4
 XbX#±VX@Ä²l¤PceTVl¡aafoVgafXIcflmik|Ä©ceTVXW4ibbXIj ÅTVXIufX!Å XueXki@l¤VBcfiRlm/cfXIqVufX#cVX#cea




































8 D′0 = A′ ∪ {∗}

8 D′n+1 = D′0 ∪ (D′n ×D′n) ∪Mf (D′n)
¨
 X	a~X#c
f = g = idD′
7
fX = {(x, x) ; x ∈ X} : X → D






















































8 D0 = A⊕ (1⊕⊥)

8 Dn+1 = D0 ⊕ ((Dn ⊗Dn)⊕ (Dn `Dn))⊕ (!Dn⊕?Dn)
Ä
ÅTVX#ueX


























8 l¤¢ x ∈ A ÄVcfTVXI x⊥ = ψ(x) VÅ XafXc (+, ∗)⊥ = (−, ∗)  (−, ∗)⊥ = (+, ∗) 
8 ÅXa~X#c (+, y)⊥ = (−, y⊥)  (−, y)⊥ = (+, y⊥) ¨
 X	afXc
f = g = {(x⊥, x) ; x ∈ D} : D → D
fX = {(x, (+, x)) ; x ∈ X} : X → D
¢§iku
X ∈ {D ⊗D, 1, !D}
fX = {(x, (−, x)) ; x ∈ X} : X → D
¢§iku







1, !,`,⊥, ? ®7 fD⊗D 6= fD`D ¦-«cfTVX(afkW4X!TVi@jmVah¢§iku 1/⊥ Ä !/? ®Á¨ÇVoVufcfTVXIufW4i@ufX@ÄVikcfl¡X4cfT7?c	l¤¢
x ∈ 1, D ⊗ D, !D
¦µufXNa~q|¨
x ∈ ⊥, D ` D, ?D ®ÁÄcfTVXI
(+, x) ∈ D
¦µufXNa~q|¨



































































&#Âµ½?À°ºÁ¿  Â¯À§¼ºÃ?º:  ! , êÂ! o 
 flat(π) ½¾ êÀ9Â¡¿#ºÀ
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(+, [x1, . . . , xn])
Ç©lmkoVueX0JV³²X#£`q*X#uelmWXI/cea1i¢©qVoVueXqVuei/ik¢¯rta~cfueocfoVueXIa
 Â  a, b ½fºÀ¯¼º5
 
ê¾`¿ÁÂ
¿  eºÁ¿  &PÀ¯¼º  fº:Â¡¿#ºÁ¿" 
½ ax , êÂ!  fº¿  & #¾bÀ , êÂ. $À§¼Vº
e(a) = e(b)⊥
-




½ 1 , êÂ!  fºÁ¿  & ⊥ , êÂ! $²À§¼Vº e(c) = (+, ∗)  fº¿  & e(c) =
(−, ∗)
-




 ½ ⊗ , ¶Â.  fºÁ¿  & ` , êÂ!   Â¯À§¼  fºÂ¡¿#º¿ a, b $=À§¼Vº e(c) =
(+, e(a), e(b))    fº¿  & e(c) = (−, e(a), e(b)) '-




 h½ [ , êÂ.  Â¯À§¼  fº:Â¡¿#º a $GÀ§¼Vº e(c) = (−, [e(a)]) -




½ ? , ¶Â.  Â¯À§¼  fº:Â¡¿#ºÁ¿ a1, . . . , an $1½ S:
4ºÃ?º:  i ≤ n $
e(ai) = (−, µi)
$  ¼º:fº µi Â¡¿R½ NÂ¯À°º5¾ êÀ9Â¡¿º#À>
Bºmº:¥º:7Àµ¿,




) -=Â  ½ÁÀ9Â#¾ ¤½	Â  c ¼V½O¿Q
  fº:Â¡¿#ºÁ¿$GÀ§¼Vº e(c) = (−, [ ]) -




½ ! , êÂ! o 
  flat(π) $ mºÀ πo º!À¯¼º 
#» 
 o ½  e(o) =



















e(c) = (+, [eo1(c


















O#Âµ½?À°º   Â¯À¯¼ c $½ !:
4º#ÃOº  i ≤ n $ ¤º#À
eoi (c




















(c1, . . . , cn)
$ @º:Q
















 \Â¯À-¿hºf»  º:ÁÂ¥ºÀ-¿ *
JπKc1 ,...,cn = {|e|c1,...,cn ; e : π} .
H¼Vº¿Á¾ ¿:ÁÂ  À-¿
c1,...,cn
 Â  	º 
Â¯À9Àtº  ¼Vº3ÂZÁÂ mºÃ?½7À$Â  ¼`Â¼ e½?¿#º  º¿Â   








































(−, 2[x] + 2[y]) ,
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(−, [x1, . . . , x4]) ,
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µÐ  	    
 .- Ì.  Ì
∼
 *
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 π Â¡¿ 





$  º¼½?Ã?º e ∼ e′ & Ý¿#º $ :
ºÃ?º:  e : π $ e′ : π $  º!¼V½ÃOº e ∼ e′Â  $½  
  RÂ  $N:
(º#ÃOº 
! ,  
 kº o 
  π $\À¯¼º:eººf»@Â¡¿ÁÀµ¿½Â7Àtº /º: m $À§¼Vºfº(ºf»@Â¡¿ÁÀ
e1 : π
o, . . . , em : π
o, e′1 : π
o, . . . , e′m : π
o
$  ¼º:fº πo Â¡¿	À¯¼º%
I»½O¿¿




  ºC¼½?Ã?º e(o) = [e1, . . . , em] ½  e′(o) = [e′1, . . . , e′m]
-
 ½  $ :
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ºÃ?º:  y $ z ∈ D $  º\¼V½?Ã?º σ(p, y, z) = (p, σ(y), σ(z))
 ½  :
ºÃ?º  x1, . . . , xm ∈ D $  º\¼V½ÃOº'*
σ(p, [x1, . . . , xm]) = (p, [σ(x1), . . . , σ(xm)])
 ¼Vºfº p ∈ {+,−}. º kº 
Àtº   S1 À§¼Vº¿#º#À
 ¾	H½ ¿Á¾ ¿ÁÀ-Â¯À9¾bÀ-Â











σ ∈ S1¿Á¾ e¼À¯¼½?À 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º#ÃOº 





























n , ½ ¿Á¾ ¿ÁÀ-Â¯À9¾bÀ-Â

















i0 ∈ {1, . . . , n}
$
τ(y)i0 = σ(yi0 )




n , ½ ¥¿Á¾ Á¿ÁÀ9Â¯À-¾bÀ9Â
¿+& 
ºÃ?º  σ ∈ S1 $ :
º#ÃOº !Â7Àtº /º: n ≥ 1 $ σn Â¡¿À§¼Vº
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ufXNi?kXIuea²cfTVXx/oWhg*X#ui¢|adceX#qa i¢
π  ∗h π
′
¦§ueXIafq|¨
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µÐ     
kÌBÐ    Ì - Ì  Ì.   
ºÃ?º: 
x ∈ D
$  º @º4*º $  (Â ?¾  ,À-Â
 
 kº  À§¼ (x) $ À¯¼ºaflm´#X\i¢ x $ @º:Q
?À°º   s(x) *
 Â  x ∈ A 
 x = (p, ∗) $GÀ§¼Vº s(x) = 1 -
 Â  x = (p, y, z) $²À§¼Vº s(x) = 1 + s(y) + s(z) -
 Â  x = (p, [x1, . . . , xm]) $GÀ§¼Vº s(x) = 1 + ∑mj=1 s(xj)
-
 ¼Vºfº p ∈ {+,−} & 
º#ÃOº  (x1, . . . , xn) ∈˙ni=1 D

n ≥ 0














, s (eu) = 3
·ceTVX#
s (e) = 8 + 18 = 26
ÄV@a¢§iku1ceTVXufXNa~oj¶c



























s (e) ≤ s (|e|)
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ê¾`¿ÁÂ
¿ c1, . . . , cn½  ¤º#À
e : π
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k = n− 1
¨
S1TVXIufX1X£bl¡adca











e(ci0) = (+, [e1(c
o
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i ))− (m− 1)
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s (−→e ) = s (e)−2
¨Y`oTVXIÅ F~n/ok@cel¶c?cel¤@XZG l¤7a~lmkT/clmceTVX ueX#j¡?cel¤i@afTVl¤qhg7X#cdÅ XIX#










j¤lmVÉba4bX±XIaBueXIaflmboX −→e : π1 i¢ e ¦-?c4j¤XNka~ckIi@ueblmVceiBceTVX#ika~cfueocflmik«ik¢ufXNa~l¡boVX4klmkXIRg`_3}ClmuekueBl¤ AÝ}Cl¤uDCE§®Á¨¥S1TVX4ueXIkVX#u#k3TVXNÉ(cfTc
|−→e | = |e|

























ÅTVlmT¸bl"*XIueah¢§ufi@W −→e ik«ceTVX ! rtj¤lmVÉ −→u ÄGÅTVXIufXÅ Xa~X#c −→























l¤(Ç©l¤@oVufXI³g7ikcfT −→e  −→e′ #g*X\#ikafl¡bX#u1#XIa~cfi@uea i¢ e2 ¦µikuNÄ`ael¡¥ceTVXicfTX#uÅ1O_ufi@oVEÄ
e2
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π, π′
ºhÀ  
  ¿  Â¯À§¼ 
 
ê¾`¿ÁÂ
V¿ c1, . . . , cn ¿+&mÀ &
π  h π




À¯¼º:eº\Â¡¿ −→e : π′ ¿+&mÀ"& |e|c1,...,cn = |−→e |c1,...,cn
$G½ 


















s (e′) + 2
&
	
  7¨ zXc

































































¨  XhafXcI³ −→e (d′) = e(d) ¦§ueXIafq|¨
−→e (o′) = e(o)
®Á¨  ikcfl¡XceT?c −→e lmaÅ XIj¤j¤rtVX±VXNEÄVlmqufcfl¡ojmkug7XN#o7a~X e(a) = e(c)¦§lm·¢µkc








































































e′ (d) = e′(d′)
l¤¢
d 6= a, b
¦§ueXIafq|¨
←−
e′ (o) = e′(o′)
®ÁÄk ←−
e′ (a) = e′(c′)
Ä ←−













= s (e′) + 2
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V Ì







































































(+, ∗) (+, ∗)
(−, 2[(+, ∗)])(


















































(−, ∗) (+, ∗)






−, 2[x⊥] + 2[y⊥]
)































(−, ∗) (+, ∗)





(−, ∗) (+, ∗)





(−, ∗) (+, ∗)
(−, ∗) (+, ∗)
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[ [[[
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−→e (d′) = e(d)
 −→e (l′) = e(l) ¨hyxa\oafoj9Ä |−→e | = |e| ¨hyLaC¢§i@uxceTVX¥a~lm´#XNa#ÄEueX#W¥kufÉcfT7?c










































s (−→e ) = s (e)− 2
¨


































e′ (d) = e′(d′)
¦§ueXIafq|¨ ←−
e′ (l) = e′(l′)
®Á¨
[i@ufXIi?kX#u|VX±VX ←−
e′ (o) = [ ]
k ←−























= s (e′) + 2
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π̂  h π̂
′ ¨[ikueX#i?@X#uVikcfl¡XcfTc







 i?ÅÄVjmXcoaLbX±X −→e : π′ ¢§ufi@W e : π ¨ yc±7uea~cÅ X	VX±VX	k(X£bq7XIuflmW4X#/c ê : π̂ Äa#¨ cI¨
|ê| = |e|

































































i ≤ m+ 1
ÄVjmXc
e(ci) = (−, µi)







 = e(b) = e(a)⊥ = (+, [eo1(ao), . . . , eon(ao)])⊥
S1TVlma W4XIkaGceT?c ∑
i≤m+1 µi = [e
o
1(a




f : {1, . . . , n} → {1, . . . ,m + 1}
Ä\aI¨ cN¨È¢§iku(XIkX#ue_
































i ∈ f−1(j), 2 ≤ j ≤ m+ 1]
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j ≤ m+ 1, i ∈ f−1(j)
Ä
eoi (d
o) = (−, νi)
¨
&$& Ó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[eo
1
(ao)⊥, . . . , eo
n
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= s (e) + 2
 i?Å·ceT?c1ÅXxTO@XxafoTkX£bq*X#uel¤W4XI@c
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|−→e | = |
−→
ê | = |ê| = |e|
7










qVjmXceX#jm_Æaf_`W4WX#cfuelmcfiRcfTVX(bX±7Vl¶cel¤i@«i¢ −→e : π′ ¢§ufi@W e : π kPl¤cl¡ahjmX¢¯ccfiRcfTVXueXIkVX#uN¨

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π
eº4½  ¿ $ t º¥½R¼ºe½  , #¾bÀ 
  π 
 À   º
(!/?)
¿+&mÀ &À§¼Vº
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?Ã?º t Â¡¿¾	*½ /& 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¨{°ceTVX	±7uea~cx#@a~X@Ä7afXcN³ −→e (d′) = e(d) ¦µufXNa~q¨
−→e (l′) = e(l)
® VlmcfTVX	afXI#ik#@a~X@³ −→e (d′) = eo(d) ¦§ueXIafq|¨ −→e (l′) = eo(l) ®Á¨w j¤XNuej¤_
|e| = |−→e |
¨ [BikueX#i?kXIu¥Vicelm#XcfT7?c














































































e′ (d) = e′(d′)
¦§ueXIafq|¨ ←−









e′ (o) = [eo]
Ä ←−
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8 ¢§ikuX#@X#ue_ ! rtjml¤VÉ l̂ ∈ α̂ ³
 l¤¢ l̂ l¡al¤ πu ÄafXcI³ êj(l̂) = euj (l̂)
Ä
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8 ¢§i@uX#kXIuf_¥XNbkX d̂ ∈ α̂ ³
 l¶¢ d̂ l¡al¤ πu ÄafXcI³ êj(d̂) = euj (d̂)
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= s (êj)− 2
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 X\jmXIOkXLcficfTVX\ueXI@bX#u cfTVX\qVuei`i¢EceT?c −→e l¡a ÅX#jmjEbX±7VXIcfTc |e| = |−→e | ¨GzXcoaqVuei?kXCl¤7adceXIk!cfT7?c
s (−→e ) = s (e)− 2
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s0(π) =
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JπKc1,...,cn
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π′  ∗h π0
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	º#ÃOº  ax , êÂ! $  ºC¼V½ÃOº e(a) = (p, ∗)  Â¯À¯¼ p ∈ {+,−} -
 ½  :
ºÃ?º  ! , êÂ! o $  ºC¼½?Ã?º e(o) = [ ] &
H¼Vº  º\¼V½ÃOº
s (|e|c1,...,cn) = s(
½?À
(π)) + k ,
 ¼Vºfº k Â¡¿À¯¼º7¾	%º
 C¿ÁÀ Á¾ #À9¾	f½
Q¶¾`¿Â
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{s(|e|); e : π}
lmWqj¤lmXIaxcfT7?c
s0(π) = s(|e|) = s(flat(π))
¦§g`_
Çkch  k®¨	ÇVueikW [lm
{s(e) ; e : π} = s(|e|)
ÄÅ XhcfTVXI­bXNbo#XceT?c[lm
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(R) = n > 0
ÄHl9¨ X@¨





RX#£bq7XIuflmW4X#/c −→e0 : π1 aI¨ cN¨ |−→e0 | = |e0| Ä|7 s(−→e0) = s (e0) − 2 ¨	Y/cel¤jmjg`_Bz|X#W4W¥VÄ©l¤¢
e1 : π1
cfTVXIPcfTVXIufX¥X#£blma~cea ←−e1 : π aI¨ cN¨ s (e1) = s (←−e1) − 2 ¨S1TVXI s (−→e0) =
















Min{s (e) ; e : π1} = s (
−→e0)
®Á³
n− 1 = (s(−→e0)− s0(π1))/2
= (s(e0)− 2− s0(π))/2
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z ∈ D0 = A⊕ (1⊕⊥)
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(R) = (s(e0)− s1(π))/2 .
	































cfTX#ueXRX£bl¡adca ←−e1 : π X#£`T7oa~cflmkXRafoT ceT?c s(e1) = s(←−e1) − 2 ¨ S1TVX# s(−→e0) =[lm































n− 1 = (s(−→e0)− s1(π))/2
= (s(e0)− 2− s1(π))/2
= (s(e0)− s1(π))/2− 1 .
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 & *¼º:eººf»@Â¡¿ÁÀ
x1, . . . , xn, x
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y = (x1, . . . , xn, x) ∈
JπKc1 ,...,cn,c
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{s(e) ; e : (π|π′)c,c′} − s0((π|π
′)c,c′))/2
≤ s(e′′)/2
= (s(e) + s(e′))/2






= (s(y) + s(y′))/2 .
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y = (x1, . . . , xn, x) ∈ JπKc1 ,...,cn,c
k
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{s(e) ; e :
π}+
[Bl¤
{s(e) ; e : π′} = s(π) + s(π′)
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{s(e) ; e : π} = s(π)[lm
{s(e) ; e : π′} = s(π′)
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e(o) = [e1, . . . , em]
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σj(|e′j |) = |ej |
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j ∈ {1, . . . ,m} s(e′j) = s(|e
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x ∈ Aj1 ∩ Aj2




σ1, . . . , σm
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Sn s.t. σ(|e′|c1,...,cn) = |e|c1,...,cn}
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∃σ ∈ Sn s.t. σ(|e
′|c1,...,cn) = x}.
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{s(|e′|) ; e′ ∼ e
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∃σ ∈ Sn s.t. σ(|e′|) = |e|} ≥
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{s(|e′|) ; ∃σ ∈
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s(e) + s(e′) ;
aI¨ cN¨
∃e : π, e′ : π′,
∃x1, . . . , xn, x, x′1, ..., x
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(x1, . . . , xn, x) ∈ JπKc1 ,...,cn,c
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s(y) + s(y′) ;
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∃(x1, . . . , xn, x) ∈ JπKc1,...,cn,c








∃σ ∈ Sn+1, σ′ ∈ Sn′+1
ÄaI¨ cN¨
σ′(y) = (x1, ..., xn, x)










[Bl¤ { s(y) + s(y′) ; a#¨ cI¨ y ∈ JπKc1 ,...,cn,c, y′ ∈ Jπ′Kc′1,...,c′n′ ,c′
∃σ ∈ Sn+1, σ
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(R) ≤ s(e′′)/2
= (s(e) + s(e′))/2






= (s(y) + s(y′))/2 .
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s(e) + s(e′) ;
aI¨ cI¨
∃e : π, e′ : π′, ∃x1, . . . , xn, x, x′1, ..., x
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{s(e) ; e : π
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|e|c1,...,cn,c = (x1, . . . , xn, x)}+[l¤
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∃(x1, . . . , xn, x) ∈ JπKc1 ,...,cn,c,












1 ≤ i ≤ n,
1 ≤ i′ ≤ n′7
∃σ ∈ Sn+1, σ′ ∈ Sn′+1
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σ′(y) = (x1, ..., xn, x)
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